Abstract: Cardiac resynchronization therapy with atrioventricular and interventricular delay optimized biventricular pacing is an established therapy for symptomatic heart failure patients with prolongation of QRS duration, left bundle branch block and reduced left ventricular ejection fraction. The aim of the investigation was to evaluate right atrial, right ventricular and left ventricular electrical signals of implantable electronic cardiac devices with and without signal averaging technique with novel LabVIEW software. Electrical interatrial conduction delay and interventricular conduction delay may be useful parameters to evaluate electrical atrial and ventricular desynchronization in heart failure patients.
Introduction
Cardiac resynchronization therapy with atrioventricular and interventricular delay optimized biventricular pacing is an established therapy for symptomatic heart failure patients with prolongation of QRS duration, left bundle branch block and reduced left ventricular ejection fraction [1, 2] . The aim of the investigation was to evaluate right atrial, left atrial far eld, right ventricular and left ventricular electrical signals of implantable electronic cardiac devices with and without signal averaging technique. Electrical interatrial conduction delay and interventricular conduction delay may be useful parameters to evaluate electrical atrial and ventricular desynchronization in heart failure patients for evaluation of cardiac resynchronization therapy responder and non-responder. 
Results

. Analysis in time domain
Electrical interatrial conduction delay was measured between onset of P-wave in the surface ECG and o set of the atrial signal averaged signal in the right atrial pacemaker electrode ECG. Right atrial tachycardia or atrial utter heart rate were measured between maximum amplitude of two bipolar right atrial pacemaker electrode signals (Fig. 1) .
Electrical interventricular conduction delay was measured between onset of QRS complex in the surface ECG and o set of ventricular signal averaged signal in the ventricular pacemaker electrode ECG. Electrical interventricular conduction delay of a cardiac resynchronization therapy device was measured between onset of the right ventricular ECG and onset of the left ventricular signal (Fig. 2) .
. Signal averaging ECG
QRS triggered signal averaging electrocardiography technique improves the signal-to-noise ratio in surface ECG and in right atrial, right ventricular and left ventricular ECG (Fig. 3) . Fractionated high frequency electrical atrial and ventricular signals were evaluated with spectral- temporal-mapping electrocardiography with and without signal averaging technique.
. Analysis in frequency domain
Spectral-temporal-mapping is a novel high resolution electrocardiography method for analyzing high frequency right atrial, left atrial, right ventricular and left ventricular signals. Fractionated high frequency electrical atrial and ventricular signals were evaluated with spectral-temporal- mapping electrocardiography with and without signal averaging technique (Fig. 4) . 
Conclusion
Atrial and ventricular signal averaging electrocardiography with novel LabVIEW software can utilized to evaluate electrical atrial and ventricular conduction delays in heart failure patients with pacemaker, implantable cardioverter/de brillator and cardiac resynchronization therapy. Interatrial conduction delay and interventricular conduction delay may be useful parameters to evaluate electrical left cardiac desynchronization in heart failure patients.
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